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Introduction
In 3GPP RAN1#86bis and RAN1#87 meetings, the following agreements on PRB bundling for NR have been reached [1][2]:
 (
At least f
or 
DL
, study PRB bundling with configurable PRG sizes, at least including following aspects
The size of PRG may or may not be fixed
The size of PRG may or may not be system bandwidth dependent 
PRG may consist of all scheduled PRBs
For DL data, support at least a PRB bundling size for 
precoding
 equal to a specified value 
FFS whether specified value is system BW dependent 
FFS: Supported values 
)
Based on the agreements listed above, we present our views on the configuration of PRB bundling in NR.
Background
With DMRS based transmission, more flexible non-codebook based precoding/beamforming is possible, which means precoding/beamforming itself becomes an implementation issue, and then it’s no longer covered by specification. Consequently, for data demodulation at receiving side, no knowledge regarding the precoder/beamformer is available. Therefore, based on the consideration that precoding/beamforming is totally a vendor dependent issue, precoding/beamforming granularity of single PRB was assumed in the course of DMRS pattern design.
Although PRB-level frequency-selective precoding/beamfomring is expected to be beneficial to the system performance, the loss in processing gain of channel estimation without inter PRB interpolation might easily offset the gain with flexible precoding/beamfomring for FDD system. Wherein, with coarsely quantized channel state information in terms of PMI/RI/CQI, frequency-selective precoding/beamfomring could not be justified by significant gain.  On the other hand, if the same precoder/beamformer is applied on a few of consecutive PRBs, the channel estimation accuracy would be improved by joint processing over that part of frequency. 
For TDD system, as usually more precise precoders/beamformers are available due to channel reciprocity, ideally the network could form a beam to accurately match the spatial property of channel. Overall, it’s more important to keep the advantage with flexible frequency-selective precoding/beamfomring, rather than relying on far less attractive gain with joint channel estimation over a bunch of PRBs.
As a result, PRB bundling is adopted in LTE since Rel-10 for transmission configured with PMI reporting only. In such case, a UE may assume that precoding granularity is multiple resource blocks in the frequency domain. The size of precoding resource block group (PRG) is given in Table 1, where the specification tried to constrain the joint channel estimation within coherent bandwidth only. Otherwise, PRB bundling would degrade the performance of channel estimation in turn.  
Table 1. PRG sizes defined in LTE
	
System Bandwidth ()
	PRG size (PRB)

	≤10
	1

	11 – 26
	2

	27 – 63
	3

	64 – 110
	2


In NR, for frequency bands up to 100GHz, propagation conditions are quite different to sub 6GHz bands. Moreover, the introducing of hybrid/analog beamforming makes the situation even more complicated. Therefore, it’s reasonable to revisit this issue now.
Discussion on configurable PRG sizes
As discussed above, to improve channel estimation performance through joint processing, the PRG size should be selected to match the property of channel, i.e., the coherent bandwidth. The coherent bandwidth is determined by delay spread of rays, which is a highly scenario dependent parameter of channel.
For a system based on large-scale antenna array in high frequency band, much narrower beams have to be used to achieve high array gain compensating the non-ideal factors like large pathloss.  In such scenario, beamforming operation influences the propagation properties of signal observed by the receiver. The narrow beam applied on transmission signal induces additional selectivity in spatial characteristics of the equivalent channel. Through proper beam searching and tracking procedures, beam pairs could be built up to concentrate the transmission toward dominant scatters at the transmitter and focus the beam to selectively receive the signal correspondingly at the receiver side. 
As fewer rays are actually selected through Tx and Rx beasmforming, less spread in delay of the discernible rays is expected. Therefore, the resultant selectivity of equivalent channel in frequency domain could be reduced. That is, larger coherent bandwidth would be observed in beamforming system deployed at higher frequency band. 
Observation 1: The PRG sizes should be determined considering both deployment scenarios and Tx/Rx beamforming, rather than system bandwidth only.
The intention of introducing PRB bundling was to improve channel estimation performance of DMRS. Actually, the DMRS pattern design itself is highly dependent to the properties of channel as well. Based on this observation, RAN1 also agreed to support variable/configurable DMRS pattern[2]: 
Agreement:
· Support variable/configurable DMRS pattern for data demodulation 
· FFS: Time and/or frequency domain density can be configured  
· FFS: RE location can be configured
· At least one configuration supports front-loaded DMRS pattern
In the email discussion [3] following 3GPP RAN1 #87, companies were encouraged to provide their designs on DMRS patterns. It’s noted that, time and/or frequency domain density adjustable DMRS patterns could be found in most of the proposals from the companies involved in the email discussion.  
Therefore, it’s natural to consider of tying the configurations of PRG size and DMRS patterns. By doing so, the system may indicate the DMRS pattern in scheduled transmission, which implies that  certain size for PRB bundling is to be used on the corresponding resources. Or, in turn, PRG size can informed explicitly, and thus corresponding DMRS pattern can be assumed by UE. Alternatively, the combination of PRG size and DMRS pattern can be indicated to each UE being scheduled. 
In addition, as have already been proposed by some companies [3], design of specific DMRS patterns for different sizes of PRG respectively can also be considered.
Proposal 1: Consider to configure PRG size and DMRS pattern jointly.
With full knowledge of DL channel state, interference and noise, receiver structure as well as channel estimation algorithm, it’s also possible for UE to assist the configuration of PRG size and DMRS pattern. For example, based on CSI measurement with CSI-RS, UE can estimate the channel qualities with different assumptions on DMRS patterns and/or PRG sizes. Recommendations on configurations of DMRS pattern and/or PRG size and CSI based on the corresponding hypotheses can be reported to the network. And then, it’s up to the network side to make the decision on exact configurations of DMRS pattern and/or PRG size.   
Proposal 2: Consider UE-assisted configuration of PRG size and DMRS pattern.
PRB bundling for TDD
As described above, for TDD system with full channel reciprocity, it’s more desirable to reap benefit of frequency-selective precoding/beamfomring gain. Therefore, in LTE, PRB bundling can be supported only if PMI reporting is configured. However, it’s noted that, with highly directional antenna array, the delay spread would be lower. Therefore, the equivalent channel with Tx and Rx beamforming would tend to show less selectivity in frequency domain. That makes frequency-selective precoding/beamforming with high granularity less meaningful too. In such case, the TRP might choose to precode the data with much lower granularity, or over more PRBs, in frequency to reduce the complexity in precoder/beamformer calculation and updating. Whereas, without knowing the precoding granularity in frequency domain, UE can’t achieve additional gain with joint processing of channel estimation. 
Based on the discussion, it’s observed that, PRB bundling could also be supported for TDD system to reap the gain of joint channel estimation without losing the benefit with frequency-selective precoding/beamforming. What’s more, PRG size and DMRS pattern can be configured based on the channel knowledge acquired from channel reciprocity in TDD system.
Proposal 3: Support PRB bundling for TDD system as well.
Proposal 4: Consider reciprocity based PRG size and DMRS pattern configuration for TDD system.
Bundling in time domain
Currently,  PRB bundling defines the precoding granularity in frequency domain only. Similar mechanism can also be extended to time domain. For example, if a UE is to be scheduled in a few consecutive time units, a precoding resource block group size in time domain can be defined too. With PRG sizes in both frequency and time domains, UE may assume that the same precoder is applied on each of the precoding resource groups.
DMRS patterns designed for bundling in time domain over a specific number of time units could also be used to further improve the performance. It’s noted that, in such case, the influence of phase variations among time units may need to be taken into account. 
Proposal 5: Consider time domain bundling and DMRS pattern design for it.
Conclusions
[bookmark: _GoBack]In this contribution, we discussed the precoding granularity in both frequency and time domains. Our views on PRB bundling for TDD system are also presented. Based on the discussion above, we have the following observation and proposals:
Observation 1: The PRG sizes should be determined considering both deployment scenarios and Tx/Rx beamforming, rather than system bandwidth only.
Proposal 1: Consider to configure PRG size and DMRS pattern jointly.
Proposal 2: Consider UE-assisted configuration of PRG size and DMRS pattern.
Proposal 3: Support PRB bundling for TDD system as well.
Proposal 4: Consider reciprocity based PRG size and DMRS pattern configuration for TDD system.
Proposal 5: Consider time domain bundling and DMRS pattern design for it.
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